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© Heterogeneous enzymimmunoassay. 

@ The immunoassay of the invention is character- 
ized by that, in a heterogeneous EIA, a definite 
amount of the liquid phase containing the free por- 
tion is taken out after the antigen-antibody reaction, 
and the enzyme activity of the liquid phase is mea- 
sured using a dry-type chemical analytical film con- 
taining all reagents necessary for measuring the 
enzyme activity. 

In the immunoassay of the invention, an anti- 
*Jbody or antigen is physically and/or chemically im- 
™ mobilized to a suitable porous membrane such as 
^■cellulose acetate porous membrane prepared by 
® phase-inversion process, the antigen or antibody 
contained in a sample is allowed to react with the 
CO above immobilized antibody or antigen, respectively, 
*"^in the presence of an enzyme-labeled antigen or 
antibody, a definite amount of the liquid phase is 
© taken out, and its enzyme aciivity is measured using 
q a dry-type chemical analytical film. In the above 
LU immunoassay, a definite amount of an enzyme-label- 
ed antigen or an enzyme-labeled antibody may be 
incorporated into the porous membrane containg the 



immobilized antibody or antigen prior to the im- 
munological reaction involving the antigen or anti- 
body contained in a sample. 

The immunoassay does not require troublesome 
and time-consuming operations such as the transfer 
of a reaction product to another vessel, the prepara- 
tion of reagents, the addition of substrate and termi- 
nator and the measurement of the absorbance of the 
reaction solution, in heterogeneous EIA. 
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IMMUNOASSAY 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The analyses of medicines and metabolites 
contained in a body fluid are very useful for the 
diagnosis of disease, the judgement on remedy 
course of disease and the like, and they are impor- 
tant in clinical assay field. This invention relates to 
the immunoassay for measuring these substances. 



Description of the Prior Art 



•w 



75 



Many methods have been developed for de- 
tecting various substances derived from an organ- 
ism, and a large group methodologically classified 20 
is immunoassay. The immunoassay is divided into 
radioimmunoassay, enzyme immunoassay, 
fluoroimmunoassay, etc. according to the kind of 
label substance. Enzyme immunoassay (EIA) de- 
termines an antigen or antibody by utilizing 25 
antigen-antibody reaction where enzyme activity is 
employed as a marker, i.e. label. EIA is classified 
into homogeneous EIA v/here the separation of the 
bound portion of antigen and antibody (bound por- 
tion) from unreacted portion (free portion) is not 30 
necessary and heterogeneous EIA where 
bound/free separation (B/F separation) is neces- 
sary. The EIA is explained in detail in Eiji Ishikawa 
"Koso Men-eki Sokutei-Ho (Enzyme Immunoassay) 
2nd. Ed.", Igaku-Shoin, Japan, 1982. Heteroge- 35 
neous EIA is not efficient because it requires trou- 
blesome operations, such as the transfer of a reac- 
tion product to another vessel, the preparation of 
reagents, the addition of substrate and terminator 
and the measurement of the absorbance of the aq 
reaction solution. In the past, B/F separation was 
carried out by using a separating agent, such as 
second antibody and centrifuging. These oper- 
ations were troublesome, and required time. There- 
after, solid phase method has been developed, and 45 
centrifuging is no more necessary owing to the use 
of immobilized antigen or antibody where the anti- 
gen or antibody participating in the antigen-anti- 
body reaction is bound to a solid phase carrier. 
However, the preparation of reagent solutions, addi- 50 
tion of substrate and terminator, washing operation 
and the like are still necessary. In the solid phase 
method, the enzyme activity of the portion bound 
to the solid phase was, in general, measured after 
the antigen-antibody reaction. Measuring the en- 



zyme activity of the free portion, i.e. liquid phase, 
is troublesome compared with measuring the en- 
zyme activity of the solid phase, and a sufficient 
sensivity was not obtained, yet. 



SUMMARY OF THE INVENTION 



An object of the invention is to provide an 
immunoassay capable of determining various an- 
tigenic substance such as medicines and 
metabolites in a body fluid, not requiring trouble- 
some and time-consuming operations such as the 
transfer of a reaction product to another vessel, the 
preparation of reagents, the addition of substrate 
and terminator and the measurement of the absor- 
lance of the reaction solution, in a heterogeneous 
EIA. 

The present invention provides an immunoas- 
say which has been achieved such an object. The 
immunoassay is characterized by that, in a het- 
erogeneous EIA, a definite amount of the liquid 
phase containing the free portion is withdrawn after 
the antigen-antibody reaction, and the enzyme ac- 
tivity of the liquid phase is measured using a dry- 
type chemical analytical film containing all reagents 
necessary for measuring the enzyme activity. 

In the immunoassay of the invention, an anti- 
body or antigen is physically and/or chemically 
immobilized to a suitable porous membrane such 
as cellulose acetate porous membrane prepared by 
phase-inversion process. 

According to the present invention, the antigen 
contained in the sample is allowed to react with the 
immobilized antibody in the presence of a definite 
amount of the enzyme-labeled antigen or antibody, 
or is allowed to react at first with the immobilized 
antibody, thereafter with a definite amount of the 
enzyme-labeled antibody. 

Alternatively, according to the present inven- 
tion, the antibody contained in the sample is al- 
lowed to react with the immobilized antigen in the 
presence of a definite amount of the enzyme- 
labeled antibody. 

Further, according to the present invention, the 
antigen contained in the sample is allowed to react 
with a definite amount of the enzyme-labeled anti- 
body in the presence of the immobilized antigen. In 
other words, according to the present invention, the 
angigen contained in the sample, on one hand, and 
the antigen immobilized on the solid phase, on the 
other hand, are allowed to react with a definite 
amount of the enzyme-labeled antibody. 

After the immunological reaction, a definite 
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amount of the liquid phase is taken out, and its 
enzyme activity is measured using a dry-type 
chemical analytical film. In the above immunoas- 
say, a definite amount of an enzyme-labeled anti- 
gen or an enzyme-labeled antibody may be incor- 
porated into the porous membrane immobilized 
with the antibody or antigen before it is allowed to 
react with the antigen or antibody contained in a 
sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 are graphs showing calibration 
curves for human IgG obtained in Example 1 and 
Example 3, respectively. 



DETAILED DESCRIPTION OF THE INVENTION 



The porous membrane may be selected from 
those known in immunological analysis field, in- 
cluding cellulose nitrate porous membrane, cel- 
lulose acetate porous membrane, polyamide po- 
rous membrane, polytetrafluoroethylene porous 
membrane, agarose membrane, cellulose filter and 
glass fiber filter. Preferable porous membranes in- 
clude cellulose nitrate porous membrane and cel- 
lulose acetate porous membrane, prepared by 
phase-inversion process (for example, described in 
Robert E. Kesting, "Synthetic Polymeric Mem- 
branes", McGraw-Hill, New York, 1971) respec- 
tively. Besides, the porous membranes described 
in Japanese Patent KOKAI No. 18167/1983, par- 
ticularly from the latter part of page 347 to the 
preceding part of page 348, are also usable. Glass 
beads and plastic beads may also be used. But the 
antibody immobilized to the beads are generally 
. unstable in a dry state, and must be preserved in a 
stabilizing solution containing serum albumin, etc. 
On the contrary, the antibody immobilized to the 
porous membrane is relatively stable even in a dry 
state, and it can be preserved as it is. The porous 
membrane has also an advantage that uniform pro- 
ducts can be readily mass-produced. Any shape of 
the porous membrane may be used, including 
small circular or square piece(s). The volume of the 
porous membrane is preferably less than the vol- 
ume of reaction solution so that a definite amount 
of the liquid phase can readily be taken out 

Prior to conducting EIA, a definite amount of 
the antibody or antigen is physically and/or chemi- 
cally immobilized to the porous membrare. In EIA, 
•at least, one of the subject to be measured 
(analyte), the enzyme-iabled substance and the 
substance immobilized to the porous membrane is 
antigen, and at least, another one of them is anti- 
body. Thus, the substance to be immobilized may 



be antibody or antigen, irrespective of whether the 
analyte is antigen or antibody. One of the antibody 
and the antigen may be bound to the other sub- 
stance, and for example, the antigen may be in the 

5 state bound to human serum albumin, such as 
human serum albumin-bound theophylline. The 
definite amount of the antibody or the like to be 
immobilized may be the same as a conventional 
EIA, and decided according to the expected 

70 amount of the analyte, the amount of the enzyme- 
labeled substance and the like. The immobilization 
method may be a chemical method well known in 
immunoassay field, while, a physical adsorption 
method is sufficient. Various immobilization meth- 

75 ods are disclosed in the aforementioned "Koso 
Men-eki Sokutei-Ho". After the immobilization, the 
nonspecific bound portion of the porous membrane 
surface is blocked by adding a prescribed amount 
of an aqueous solution of an immunologically inac- 

20 tive substance such as gelatin or serum albumin 
(blocker). Then, the porous membrane is washed 
with a buffer solution containing a surfactant such 
as Tween 20, a saline solution and the like to 
obtain the immobilized antibody or the immobilized 

25 antigen. 

The sample to be assayed may be serum, 
plasma, urine or the like. 

According to the present invention, the antigen 
contained in the sample is allowed to react with the 

30 immobilized antibody in the presence of a definite 
amount of the enzyme-labeled antigen or antibody, 
or is allowed to react at first with the immobilized 
antibody, thereafter with a definite amount of the 
enzyme-labeled antibody. 

35 Alternatively, according to the present inven- 

tion, the antibody contained in the sample is al- 
lowed to react with the immobilized antigen in the 
presence of a definite amount of the enzyme- 
labeled antibody. 

40 Further, according to the present invention, the . 

antigen contained in the sample is allowed to react 
with a definite amount of the enzyme-labeled anti- 
body in the presence of the immobilized antigen. In 
other words, according to the present invention, the 

45 angigen contained in the sample, on one hand, and 
the antigen immobilized on the solid phase, on the 
other hand, are allowed to react with a definite 
amount of the enzyme-labeled antibody. The reac- 
tion may be carried out according to a known EIA 

so method. 

If an antigen in a sample is to . determined 
by using a competitive method, such as the solid 
• phase method, antigen-antibody reaction is .allowed 
to occur among the antigen contained in the sam- 

55 pie, a definite amount of the enzyrne-labeied anti- 
gen or antibody and a definite amount of the immo- 
bilized antibody or antigen, competitively. The re- 
action is conducted at 0 to about 37 *C for several 
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tens minutes to one day, preferably at 10 to 25* C 
for 1 to 3 hours. The antigen contained in the 
sample and the labeled antigen or the immobilized 
antigen competitively reacts with the immobilized 
antibody or the labeled antibody, respectively, and 
as a result, ^the amount of the enzyme-labeled 
antigen or antibody bound to solid phase is cor- 
related to the amount of the antigen in the sample. 

If an antibody in a sample is to be determined 
by using a competitive method, the antibody con- 
tained in the sample and a definite amount of the 
enzyme-labeled antibody are allowed to react with 
a definite amount of the immobilized antigen, com- 
petitively. The reaction temperature and the reac- 
tion time may be the same as the above case of 
measuring antibody. The antibody contained in the 
sample and the labeled antibody competitively 
reacts with the immobilized antigen, and as a re- 
sult, the amount of the enzyme-labeled antibody 
bound to solid phase correlates to the amount of 
the antibody in the sample. 

If an antigen in a sample is to be determined 
by using a non-competitive method, such as sand- 
wich method, the antigen contained in the sample 
is allowed to react with a sufficient amount of the 
immobilized antibody at 0 to about 37" C for sev- 
eral tens minutes to one day, preferably at 10 to 
25 *C for 2 to 10 hours. Then, the enzyme labeled 
antibody is added, and allowed to react at 0 to 
37 *C for several tens minutes to one day, prefer- 
ably at 10 to 25 " C for 2 to 10 hours. 

The enzyme used , as label may be selected 
from the enzymes used in known ElA, and repre- 
sentative enzymes are glucose oxidase (GOD), per- 
oxidase (POD), alkaline phosphatase (ALP), 0- 
galactosidase (/S-GAL) and the like. The enzyme- 
labeled antigens and antibodies may be those used 
in conventional ElA, and they can be prepared, for 
example, according to a method disclosed in the 
aforementioned "Koso Men-eki Sokutei-Ho". 

A definite amount of the enzyme-labeled anti- 
gen or antibody may be incorporated into the po- 
rous membrane where a definite amount of the 
antibody or antigen has been immobilized, respec- 
tively, prior to conducting the antigen-antibody re- 
action with the antigen or antibody contained in a 
sample. In this procedure the antigen or antibody 
in a sample can be measured merely by adding 
the sample to the porous membrane, even in the 
sandwich method. The labeled antigen or antibody 
is preferably incorporated after the blocking of the 
non-specific bound portion followed by washing. 
The incorporation may be carried out by impreg- 
nating a solution of the labeled substance, followed 
by drying. The total reaction time is 1 hour to 1 
day at 0 to about 37 ' C, preferably 1 to 3 hours at 
10 to 25* C, irrespective of competitive method, or 
non-competitive method such as sandwich method. 



: <EP 0308704 A 1I_> 



After the above reaction, a definite amount of 
the liquid phase is taken out, and the enzyme 
activity of the liquid phase is measured by using a 
dry-type chemical analytical film. 
5 The dry-type chemical analytical film may be 

prepared according to the disclosures of U.S. P. 
3,992,158, Japanese Patent KOKAl 168159/1982 
and 175199/1987. The dry-type chemical analytical 
film may be composed of single layer or multiple 
70 layers. In the latter case, respective layers are 
preferably integrated. However, each layer or layer 
group may be separable, and liquid can temporar- 
ily flow into the space therebetween. The chemical 
analytical film contains a substrate of the enzyme 
75 reaction and a reagent for detecting a product of 
the enzyme reaction in a water-permeable layer. 
Instead of the above reagent, another reagent ca- 
pable of determining a reaction component of the 
enzyme reaction may be incorporated. The en- 
'20 zyme reaction of a reagent is conveniently de- 
tected photometrically by utilizing the coloration or 
decoloration due to the reagent, however, it may 
also be detected electrically or magnetically. The 
substrate may be a self-developing type substrate 
25 such as a para-nitrophenyl phosphate, and in such 
a case, the above reagent may be omitted. The 
substrate may be incorporated into the same layer 
as or a different layer from the reagent-containg 
layer. When the chemical analytical film is an in- 
30 tegral multilayer analytical film, it has preferably a 
spreading layer for spreading the sample. The 
spreading layer preferably spreads the sample so- 
lution supplied thereto to the area in proportion to 
the supplied volume of the sample solution. One or 
35 both of the substrate and the reagent may be 
incorporated into the spreading layer. The integral 
multilayer analytical film has preferably a light- 
transmissive support. The support may be water- 
permeable, but it is preferably water-impermeable. 
40 The light-transmissive water-impermeable support 
is preferably disposed on the opposite side to the 
spreading layer. 

In the method of the invention, the enzyme 
label amount of the free portion remaining in the 
45 liquid phase is measured by rate assay using the 
dry-type chemical analytical film containing all 
reagent necessary for the measurement of the en- 
zyme activity. That is, after the finishment of the 
competitive reaction, a definite amount of the liquid 
so phase is spotted onto the dry-type chemical analyt- 
ical film, and the variation of the reflection optical 
density is measured using a reflection densitom- 
eter in a prescribed time range. The reaction rate is 
determined from the variation rate of the optical 
55 density, and the enzyme activity is calculated. 
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From the enzyme activity, the antigen concentra- 
tion of the sample is determined. 

Representative embodiments of the immunoas- 
say of the invention are described below. 

(a) An antigen contained in a sample and a 
definite amount of the enzyme-labeled antigen not 
less than the undermentioned immobilized antibody 
are allowed to react with an immobilized antibody 
where a definite amount of the antibody is phys- 
ically and/or chemically immumobilized to a porous 
membrane, a definite amount of the liquid phase is 
taken out, and the enzyme activity of the liquid 
phase is measured by using a dry-type chemical 
analytical film. 

(b) An antigen contained in a sample and an 
immobilized antigen obtained by immobilizing a 
definite amount of the antigen physically and/or 
chemically to a porous membrane are allowed to 
react with a definite amount of the enzyme-labeled 
antibody not less than the above immobilized anti- 
gen, a definite amount of the liquid phase is taken 
out, and the enzyme activity of the liquid phase is 
measured by using a dry-type chemical analytical 
film. 

(c) An antibody contained in a sample and a 
definite amount of the enzyme-labeled antibody not 
less than the undermentioned immobilized antigen 
are allowed to react with the immobilized antigen, a 
definite amount of the liquid phase is taken out, 
and the en2yme activity of the liquid phase is 
measured by using a dry-type chemical analytical 
film. 

(d) An antigen contained in a sample is 
allowed to react with the immobilized antibody 
much more than the antigen in a sample, the 
antigen bound to the immobilized antibody is fur- 
ther allowed to react with a definite amount of the 
enzyme-labeled antibody not less than the above 
immobilized antibody, a definite amount of the liq- 
uid phase is taken out, and the enzyme activity of 
the liquid phase is measured by using a dry-type 
chemical analytical film. 

(e) The embodiment (a) wherein the 
enzyme-labeled antigen is incorporated in the po- 
rous membrane where the antibody has been im- 
mobilized, prior to be allowed to react with the 
antigen contained in the sample. 

(f) The embodiment (b) wherein the enzyme- 
labeled antibody is incorporated in the porous 
membrane where the antigen has antigen con- 
tained in the sample. 

(g) The embodiment (c) wherein the 
enzyme-labeled antibody is incorporated in the po- 
rous membrane where the antigen has been immo- 
bilized, prior to be allowed to react with the anti- 
body contained in the sample. 



(h) The embodiment (d) wherein the 
enzyme-labeled antibody is incorporated in the po- 
rous membrane where the antibody has been im- 
mobilized, prior to be allowed to react with the 
5 antigen contained in the sample. 



EXAMPLES 

70 — 



Example 1 

(1) Preparation of Analytical Film for Measuring 
GOD Activity. 

The support employed was a transparent poly- 
20 ethylene terephthalate (PET) having a thickness of 
180 um of which the surface was made hydro- 
philic. The following coating solution was appied 
thereon at a rate of 155 ml/m 2 , and dried to form a 
dye-forming layer. 

25 

Gelatin 160 g 
Water 1 ,000 g 
Peroxidase 150,000 units 
Leuco dye* 2.4 g 
30 Bis(vinylsulfonylmethylcarbonyl) amino methane 
1.6 g 

2-{4-hydroxy-3,5-dimethoxyphenyl)-4- 4- 
(dimethylamino)pheny! -5-phenetylimidazole 

Subsequently, the following coating solution 

35 was applied further thereon at a rate of 62.5 ml/m 2 , 
and dried to from a binding layer. 
Gelatin 60 g 
Water 1,140 g 
Glucose 40 g 

40 The above binding layer was moistened with 

about 30 g/m 2 of water, and a tricot fabric made by 
knitting 50 deniers PET spun yarn using 36 gauge 
was pressed on it to laminate it as the spreading 
layer, followed by drying.. Then, the following coat- 

45 ing solution was applied thereon at a rate of 120 
ml/m 2 , and dried to complete an analytical film for 
measuring GOD activity. 

5 w/w % Aqueous polyvinyl pyrrolidone solution 
200 g 

so Glucose 20 g 

N-2-hydroxyethylpiperazine-2-ethanesulfonic acid 
9.4 g 

Adjusted to pH 6.5 by adding 2N NaOH 

55 

(2) Determination of Human IgG 
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(a) Immobilization of Antibody 

Anti-human IgG mouse antibody was obtained 
by immunizing a mouse according to a conven- 
tional manner, and dissolved in 0.02 M phosphate 
buffer solution (PBS) of pH 7.4 in a concentration 
of 1 ,000 ug/ml. 2.5 ul of the antibody solution was 
impregnated into a circular disc of cellulose acetate 
porous membrane ("Microfilter FM 300 M , Fuji Photo 
Film Co., Ltd.) having a diameter of 4.5 mm, and 
dried for 10 minutes. In order to block the non- 
specific bound portion of the porous membrane 2.5 
Ul of PBS containing 1 % of human serum albumin 
was further impregnated thereinto, and dried for 10 
minutes. The porous membrane was washed with 
PBS containing 0.05 % of a surfactant ("Tween 
20", Tokyo Kasei Kogyo Co., Ltd.) to complete an 
antibody-immobilized porous membrane. 



(b) Preparation of IgG Calibration Curve 

Each 25 ul of a PBS containing 0, 0.05, 0.5, 5 
or 50 mg/ml of human IgG and 0.1 % of human 
serum albumin was placed in a test tube, and 25 ul 
of a glucose oxidase-labeled human IgG in PBS 
having an activity of 200 GOD units/I and 0.1 % of 
human serum albumin was added to each test 
tube. The GOD-labeled IgG was prepared by the 
maleimide method described in the aforementioned 
"Koso Men-eki Sokutei-Ho". Each 1 piece of the 
above antibody-immobilized porous membrane was 
put into the test tube, and incuvated for 1 hour at 
room temperature. Each 10 ul of the reaction solu- 
tion was taken out by using a micropipette, and 
spotted onto the analytical film for measuring GOD 
activity in the reaction solution. The variation of the 
reflection optical density (AODr) was measured 
from 1 minute to 5 minutes after the spotting by 
reflection photometry, and the calibration curve 
shown in Figure 1 was obtained. A human IgG 
concentration of a sample can be determined in the 
range from 0.5 to 50 mg/mi by using the calibration 
curve. 



(c) Determination of Human IgG 

2.5 ul of GOD-labeled IgG solution having an 
activity of 2.000 GOD units/l was immersed into the 
antibody-immobilized porous membrane, and rap- 
idly dried. One piece of this antibody-immobilized 
porous membrane was placed in a test tube. Each 
50 ul of various sample solutions of PBS contain- 
ing unknown concentration of human IgG and 0.1 
% of human serum albumin was added to the test 
tube, and incubated at room temperature for 1 
hour. 10 ul of the reaction solution was taken out 



from each test tube, and the GOD activity of the - 
reaction solution was measured using the analytical 
film prepared in (1) in the same manner as de- 
scribed in (2). A human IgG concentration was 
s determined for various samples in the range from 
0.5 to 50 mg/ml. 

Example 2 

70 

Using 100 ug/ml of anti-human ferritin antibody 
instead of anti-IgG mouse antibody, another 
antibody-immobilized porous membrane was pre- 
pared. 

75 Each sample solution containing human ferritin 

and 0.1 % of human serum albumin was added to 
the porous membrane, and incubated at room tem- 
perature for 2 hours. The porous membrane was 
washed with 0.05 % of a surfactant solution 

20 ("Tween 20"). A GOD-labeled anti-human ferritin 
antibody solution having 200 U/l of GOD activity 
was added, and further incubated for 2 hours. The 
GOD-labeled anti-human ferritin antibody was pre- 
pared by the maleimide method described in the 

25 aforementioned "Koso Men-eki Sokutei-Ho". The 
GOD activity of the reaction solution was measured 
in a similar manner to Example 1. and human 
ferritin was determined for various samples in the 
range from 10 to 600 ng/ml. 

30 

Example 3 

An anti-human IgG mouse antibody was immo- 

35 biiized to a circular cellulose acetate porous mem- 
brane ("Microfilter FM300", Fuji Photo Film Co., 
Ltd.) having a diameter of 4.5 mm in th6 same 
manner as Example 1. 2.5 ul of GOD-labeled IgG 
solution having an activity of 2,000 GOD units/l was 

40 impregnated into the antibody-immobilized porous 
membrane washed with PBS containing 0.05 % of 
a surfactant ("Tween 20"), and rapidly dried to 
obtain an antibody-immobilized porous membrane 
containing enzyme-labeled antigen. 

45 Each 50 ul of a PBS containing 0, 0.05. 0.5, 5 

or 50 mg/ml of human IgG and 0.1 % of human 
serum albumin was placed in a test tube. Each 1 
piece of the above antibody-immobilized porous 
membrane containing enzyme-labeled antigen was 

50 put into the test tube, and a calibration curve 
shown in Figure 2 was obtained by conducting the 
same manner as Example 1 (b). A human IgG 
concentration of a sample can be determined in the 
range from 0.5 to 50 mg/ml by using the calibration 

55 curve. 

Subsequently, one piece of the antibody-immo- 
bilized porous membrane containing enzyme-label- 
ed antigen was placed in each test tube, and 
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concentration of human IgG in various sample solu- 
tions of PBS containing and 0.1 % of human serum 
albumin was measured in the same manner as 
Example 1 (c). As a result, a human IgG concentra- 
tion was determined for various samples in the 
range from 0.5 to 50 mg/ml. 



Example 4 

Anti-human ferritin antibody was obtained by 
immunizing a mouse according to a conventional 
manner, and it was immobilized to a circular disc of 
cellulose acetate porouse membrane ("Microfilter 
FM300") in the same manner as Example 1 (2) (a). 
2.5 ul of GOD-labeled anti-human ferritin antibody 
PBS having an activity of 2,000 GOD units/I con- 
taining 0.1 % human serum aibumin was impreg- 
nated in the above antibody-immobilized porous 
membrane washed with PBS containing 0.05 % of 
a surfactant ("Tween 20"), and rapidly dried. The 
GOD-labeled anti-human ferritin antibody was pre- 
pared according to the maleimide method de- 
scribed in the aforementioned "Koso Men-eki 
Sokutei-Ho". 

One piece of the above antibody-immobilized 
porous membrane containing enzyme-labeled anti- 
body was put into a sample solution which was a 
PBS containing human ferritin and 0.1 % human 
serum albumin, and incubated at room temperature 
for 2 hours. The 10 ul of the reaction solution was 
taken out, and the GOD activity was measured in 
the same manner as Example 1 (3). As a result, a 
human ferritin concentration was determined for 
various samples in the range from 10 to 600 ng/ml. 



Claims 

1. In a heterogeneous immunoassay using an 
enzyme label for determining an antigen or anti- 
body in a sample liquid, the improvement compris- 
ing allowing the antigen or antibody contained in 
the sample to react with an immobilized antibody 
or antigen, respectively where a definite amount of 
the antibody or antigen is physically and/or chemi- 
cally immobilized to a porous membrane in the 
presence of a definite amount of an enzyme-label- 
ed antigen or antibody, respectively, taking out a 
definite amount of the liquid phase containing free 
antigen or antibody after the reaction, and measur- 
ing the enzyme activity of said liquid phase by 
using a dry-type chemical analytical film. 

2. The immunoassay for determining an anti- 
gen in a sample of claim 1 wherein the antigen 
contained in the sample and the enzyme-labeled 
antigen are allowed to react with said immobilized 



antibody, said amount of enzyme-labeled antigen 
being not less than the amount of said immobilized 
antibody. 

3. The immunoassay for determining an anti- 
5 gen in a sample of claim 1 wherein the antigen 

contained in the sample and said immobilized anti- 
gen are allowed to react with the enzyme-labeled 
antibody, said amount of enzyme-labeled antibody 
being not less than the amount of said immobilized 
w antigen not less than said immobilized antigen. 

4. The immunoassay for determining an anti- 
body in a sample of claim 1 wherein the antibody 
contained in the sample and the enzyme-labeled 
antibody are allowed to react with said immobilized 

75 antigen, said amount of enzyme-labeled antibody 
being not less than the amount of said immobilized 
antigen. 

5. The immunoassay for determining an anti- 
gen in a sample of claim 1 wherein the antigen 

20 contained in the sample is allowed to react with 
said immobilized antibody the amount of which is 
much greater than that of the antigen in a sample, 
the antigen not bound to the the antibody is re- 
moved by washing, and the antigen bound to the 

25 immobilized antibody through the reaction is further 
allowed to react with the enzyme-labeled antibody 
present in an amount not less than that of said 
immobilized antibody. 

6. The immunoassay for determining an anti- 
30 gen or an antibody in a sample of claim 1 wherein 

said en2yme-labeled antigen or antibody is incor- 
porated in said porous membrane where the anti- 
body or antigen, respectively has been immobi- 
lized, before the antigen or antibody in the sample 
35 is allowed to react with the antigen or antibody 
contained in the sample. 

7. The immunoassay for determining an anti- 
gen in a sample of claim '6 wherein the antigen 
contained in the sample is allowed to react with 

40 said immobilized antibody in competition with the 
enzyme-labeled antigen. 

8. The immunoassay for determining an anti- 
gen in a sample of claim 6 wherein the antigen 
contained in the sample is allowed to react with the 

45 enzyme-labeled antibody in competition with the 
immobilized antigen. 

9. The immunoassay for determining an anti- 
body in a sample of claim 6 wherein the antibody 
contained in the sample is allowed to react with the 

so immobilized antigen in competition with the 
enzyme-labeled antibody. 

10. The immunoassay for determining an anti- 
gen in a sample of claim 6 wherein the antigen 
contained in the sample is allowed to react with 

55 said immobilized antibody and the enzyme-labeled 
antibody incorporated in the porous membrane. 
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